A Gram-negative ultramicrobacterium (designated strain UMB49 T ) was isolated from a 120 000-year-old, 3042 m deep Greenland glacier ice core using a 0.2 mm filtration enrichment procedure. 
The genus Herminiimonas was proposed by Fernandes et al. (2005) to accommodate betaproteobacteria of the family Oxalobacteraceae isolated from mineral and spring waters. Currently, the genus contains four species with validly published names: H. aquatilis, isolated from drinking water (Kämpfer et al., 2006) ; H. fonticola, isolated from bottled mineral water (Fernandes et al., 2005) ; H. arsenicoxydans, isolated from arsenic-contaminated industrial wastewater sludge (Muller et al., 2006) ; and H. saxobsidens, isolated recently from lichen-colonized rock (Lang et al., 2007) . Most of these isolates were obtained directly from water samples or after aerobic enrichment at mesophilic temperatures and formed yellowish colonies or creamcoloured colonies (H. saxobsidens).
During a study of ultrasmall micro-organisms from a 3042 m deep Greenland ice core, using a selective filtration enrichment procedure and long-term incubations at low temperatures, we isolated a large number of small-celled bacteria (Miteva & Brenchley, 2005) . In the present study, one isolate, designated strain UMB49 T , reported initially as being related to the genus Janthinobacterium, was characterized by additional rRNA gene sequencing and by using a polyphasic classification strategy. The results showed that strain UMB49 T represents a novel species of the recently formed genus Herminiimonas.
Strain UMB49
T was isolated from a low-temperature (2 u C) anaerobic liquid culture in R2B (Reasoner & Geldreich, 1985) , started from an 0.2 mm filtrate of a melted ice core sample. The initial anaerobic conditions were used to aid the resuscitation of dormant (or nonculturable) microbial cells that have been frozen for over 100 000 years. After 7 months of incubation, the culture was plated on tryptic soy agar without glucose (TSA; TSB plus agar), containing oxyrase additive (Oxyrase), an oxygen scavenger, and incubated at 5 u C for 4.5 months. Two of the colonies recovered were small and brownpurplish in colour. Upon aerobic recultivation on TSA and R2A (Becton Dickinson) at 18 u C, strain UMB49
T formed small, convex, translucent colonies. The cells were small, thin, Gram-negative, motile, non-spore-forming rods. The mean cell volume was 0.043 mm 3 , calculated according to Janssen et al. (1997) , much below the upper limit for ultramicrobacteria (0.1 mm 2003). Electron micrographs of negatively stained cells showed 1 or 2 polar and/or 1-3 lateral very long flagella (Fig. 1) .
Extraction of genomic DNA was carried out as described previously (Miteva & Brenchley, 2005) . PCR amplification of 16S rRNA genes was performed with primers 8F and 1492R and the purified products were sequenced in both directions using additional 704F and 907R primers on an ABI 7300 sequencer. Phylogenetic analyses of a consensus 1434 bp sequence was performed using the PAUP program (Swofford, 2002) after employing CLUSTAL_X (Thompson et al., 1997) for multiple sequence alignments with references representing all 11 genera of the family Oxalobacteraceae. As shown on the phylogenetic tree (Fig. 2) , strain UMB49 T clustered with the four species of Herminiimonas. The isolate formed a tight cluster with five other ultramicrobacteria and with the most closely related recognized species H. saxobsidens (99.6 % sequence similarity), which also has very small cells (Table 1 ). The sequence similarity was 97.6 % with H. aquatilis, 97.9 % with H. fonticola and 98.4 % with H. arsenicoxydans. DNA-DNA hybridization between sonicated genomic DNA samples (0.6-1.5 kb) of strain UMB49
T and H. saxobsidens and H. arsenicoxydans was performed at 55 u C in 26 SSC using fluorimetric detection of hybrids and calculating the level of relatedness according to De Ley et al. (1970) . The results showed that there was low DNA-DNA relatedness between strain UMB49
T and its closest relatives (45-55 % with H. saxobsidens and 52-57 % with H. arsenicoxydans) and confirmed the low level of relatedness (23-25 %) between H. saxobsidens and H. arsenicoxydans (Lang et al., 2007) . Additional ERIC-PCR genome fingerprinting showed highly different profiles of the three species (data not shown). Interestingly, similar observations of contrasting high 16S rRNA gene sequence similarity and very low DNA-DNA relatedness (3-25 %) have been reported for several Herminiimonas species (Muller et al., 2006; Kämpfer et al., 2006) .
T formed colonies on TSA and R2A within 3-4 days at 25 uC. On 0.16 R2A the colonies took longer to appear and tended to be smaller. Similar to H. arsenicoxydans (Muller et al., 2006) , swarming motility was observed on low-concentration agar plates at up to 21 mm in 48 h. Cells of strain UMB49
T grew in M9 mineral salts medium (Miller, 1992) with a suitable carbon source, without supplementation with vitamins or other growth factors. Most of the recognized species that were closely related to strain UMB49
T grow slowly or not at all on rich media that often contain glucose. H. arsenicoxydans is cultivated routinely in a minimal, defined medium with sodium lactate (Muller et al., 2006) and H. fonticola in a defined medium that includes organic acids, glucose, mannitol, yeast extract and vitamins (Fernandes et al., 2005) .
The temperature range for growth was determined aerobically using TSA and R2A between 1 and 37 u C and the growth rate was measured in tryptic soy broth without T did not grow anaerobically in a GasPak Pouch (Becton Dickinson) at 18 u C, but did form isolated colonies on solid media at 30 uC under microaerophilic conditions generated by using CampyPak Plus envelopes (Becton Dickinson). Strain UMB49 T grew equally well on TSA or R2A under both reduced O 2 and aerobically. In addition, when the strain was stab inoculated in a tube containing semi-solid TSA (0.4 % agar), growth at 25 uC was observed as a thin disc below the surface after 2 days. After 1 week, growth also covered the surface of the agar and 2 months later two more bands of growth appeared below the original area. These results suggest that strain UMB49 T can grow in an atmosphere with reduced O 2 , whereas recognized Herminiimonas species are aerobes and none have been described as microaerophiles.
Physiological characterization was performed by using traditional methods and with API 20NE and API 50 CH strips (bioMérieux) at 25 u C. Assimilation of carbohydrates was determined using API 20NE strips and utilization of lactate, succinate, citrate, formate, alanine and glucose as sole sources of carbon was determined by growth in tubes with M9 medium containing 0.2 % of a single carbon source. Prior to inoculation of M9, cell pellets were washed in M9 without carbon. Reactions were scored after 3 days for the API strips (two experiments) and growth was monitored in the M9 tubes for 6 days. The only positive reactions on the API 20NE strips were for the assimilation of malic acid and citrate. Strain UMB49
T grew in M9 with lactate, succinate, citrate or alanine as sole carbon sources (Table 1) . Unlike H. saxobsidens, H. arsenicoxydans and H. aquatilis, strain UMB49
T did not reduce nitrate but did use citrate. Also, strain UMB49
T did not utilize formate, although results from Biolog GN tests (Lang et al., 2007) suggest that the type strains of recognized Herminiimonas species can also use formate.
Acid production from carbohydrates was evaluated using API CH 50 strips and in oxidation/fermentation medium. Cells suspended in API 50 CHB/E medium were added to the tubes without mineral oil overlay and the strips were incubated for 2 weeks. Significant colour change within 4 days was considered a positive reaction and within 6 days a weak reaction. Strain UMB49 T produced acid from some carbohydrates, most of them pentoses. The formation of acid from L-arabinose, glucose and maltose was also examined using a modified Hugh and Leifson oxidation/ fermentation medium. Strain UMB49
T degraded L-arabinose oxidatively, but did not form acid from either maltose or glucose, which confirmed the findings from the API 50 CH strips. However, strain UMB49
T did not assimilate L-arabinose.
Two strains of ultramicrobacteria, 'Minibacterium massiliensis' (Marseille) (Audic et al., 2007) and strain ND5 (Iizuka et al., 1998) , which are close relatives of strain UMB49 T , assimilated carbohydrates. Strain ND5 utilizes glucose, maltose, sucrose, inulin and raffinose (Muller et al., 2006) and 'M. massiliensis' utilizes xylitol and ribitol (Audic et al., 2007) .
Standard methods were used for the assessment of degradation of various biopolymers and the determination of fatty acid composition and DNA G+C content and examination of antibiotic resistance. Strain UMB49 T was inoculated onto plates with various substrates including Tween 80, DNA, lecithin (egg yolk agar) (Smibert & Krieg, 1981) , starch and skimmed milk (Sokol et al., 1979) . The species from Herminiimonas and other genera, family Oxalobacteraceae, class Betaproteobacteria, based on distance matrix analysis, using the neighbour-joining method with the Jukes-Cantor model (Jukes & Cantor, 1969 strain did not cleave any of these compounds. Also, strain UMB49 T did not hydrolyse X-Gal in Luria-Bertani agar and, although isolated colonies were formed on MacConkey agar, the colonies did not turn pink, indicating an inability to use lactose. Fatty acids were determined for cells of strain UMB49
T , H. arsenicoxydans and H. saxobsidens cultured on R2A at 28 u C for 48 h. After scraping the growth from the agar and washing with sterile ultrapure water, the cell pellets were frozen at 220 u C and sent to Microbial ID for fatty acid methyl ester analysis. The fatty acid profile of strain UMB49
T was similar to that of its closest relatives, H. saxobsidens, H. arsenicoxydans, H. aquatilis and H. fonticola (Table 2 ). When cells were cultured at 28 u C on R2A agar and in TSB at 25 u C, the fatty acids comprising more than 10 % of the total were: C 16 : 0 , C 17 : 0 cyclo and C 16 : 1 v7c. When grown at 5 uC in TSB, there was a decrease in the amount of saturated acids, in particular the cyclopropane saturated acids, and an increase in the amount of unsaturated acids. The DNA G+C content was determined from the melting temperature of the DNA (Mandel & Marmur, 1968) . The DNA G+C content was 59.0 mol%, which was higher than the values reported for H. arsenicoxydans (54.3 %), H. fonticola S-94 T (52.2 %) and 'Minibacterium massiliensis' (54.22 %). Antibiotic susceptibility was assessed by using disc diffusion (Sensi-Disc; Becton Dickinson) after 72 h at 30 u C. Strain UMB49
T was resistant to most of the antibiotics tested (no zones of inhibition formed): ampicillin (10 mg), bacitracin (10 IU), chloramphenicol (Fernandes et al., 2005) . +, Positive, 2, negative; ND, no data. (Fernandes et al., 2005) . ECL (equivalent chain-length) are shown for data from this study. Fatty acids comprising less than 3 % of total in all species studied are not shown. 2, Not detected. T was resistant to about 75 % of the antibiotics tested was intriguing because the organism was trapped in the ice for 120 000 years and has not been subjected to modern day antibiotic use.
Strain UMB49 T differed from other representatives of the genus Herminiimonas by its original brown-purple colony pigmentation. The loss of this pigmentation after multiple recultivations at 18 u C and higher temperatures prompted us to re-examine the identity of the original isolate and the pigmentless subcultures. Results from PCR amplification and sequencing of the 16S rRNA genes and genomic PCR fingerprinting with the ERIC primer showed perfect correspondence (data not given). Recently, Männistö & Häggblom (2006) reported the loss of violet pigment in psychrotolerant Janthinobacterium isolates after cultivation at temperatures above 25 u C, suggesting that there was a relationship between pigmentation and long-term survival in cold habitats.
Sequence similarity of 16S rRNA genes, fatty acid composition, assimilation of organic acids and the lack of many hydrolytic enzymes, in conjunction with the phylogenetic analysis, indicated that strain UMB49
T should be assigned to the genus Herminiimonas. The ability of the strain to produce acid from some carbohydrates and to grow in a reduced O 2 atmosphere, and the initial colony pigmentation and the presence of lateral flagella differentiate strain UMB49
T from the four recognized Herminiimonas species. In addition, the lack of nitrate reductase in strain UMB49
T , its ability to grow on sodium citrate, and the low genomic DNA-DNA relatedness differentiate it from the recognized species to which it is most closely related, H. saxobsidens and H. arsenicoxydans. Also, the DNA G+C content of strain UMB49
T is higher than those reported for other recognized species. Therefore, our results suggest that strain UMB49
T represents the type strain of a novel species of the genus Herminiimonas, for which the name Herminiimonas glaciei sp. nov. is proposed, because of its origin in glacial ice.
Description of Herminiimonas glaciei sp. nov.
Herminiimonas glaciei (gla.ci.e9i. L. gen. n. glaciei of ice, in reference to the Greenland glacier). , was isolated from a 3042 m deep, 120 000-yearold Greenland glacier ice core sample, after 0.2 mm filtration and low-temperature (2 u C) enrichment procedure.
